to receive approval to be licensed for clinical use [2] and is marketed as Cancidas. Caspofungin has shown in vitro and in vivo activity against Candida and Aspergillus species [3] [4] [5] [6] [7] [8] [9] [10] [11] . The structure of caspofungin contains a long fatty acid side chain that allows intercalation in the bi-layer of the fungal cell membrane [12] where it may interact with -1,3-D-glucan synthase. Caspofungin has an excellent safety profile and recent studies show it is as effective as, and usually better tolerated than, liposomal amphotericin B [8] .
Yeast cells encounter a wide range of stresses during growth and, as a consequence, adaptation to stress including oxidative and osmotic stress is essential for continued survival and replication. A key regulator of oxidative stress tolerance in C. albicans is the Cap pathway. Cap1p transcriptional regulatory protein is a member of the basic region-leucine zipper (bZip) family [13] . Upon exposure to oxidative stress-inducing agents (such as hydrogen peroxide) Cap1p translocates from the cytoplasm to the
Introduction
There has been a significant increase in the incidence of fungal infections with yeast of the genus Candida becoming the fourth most common cause of nosocomial bloodstream infections [1] . The echinocandins represent a novel class of anti-fungal agent which has been recently introduced into clinical practice. Unlike polyenes and azoles (that target ergosterol or the ergosterol biosynthetic pathway, respectively) echinocandins function by inhibiting the synthesis of -1, 3-D-glucan, an essential component of the fungal cell wall, resulting in osmotic lysis of the cell [2] . Caspofungin was the first member of the echinocandins nucleus in C. albicans [14] . Once in the nucleus, Cap1p plays an important role as a transcription regulator, where it has been shown to control a range of target genes, including reductases, dehydrogenases, proteases, oxidoreductases, RNA helicases and transporters, indicative of the defensive role of Cap1p in tolerating oxidative stress through activation of multiple pathways [15] .
The high osmolarity glycerol (HOG) mitogen-activated protein kinase (MAPK) pathway has also been shown to be involved in the cell's responses to oxidative [16] and osmotic [17] stresses. Upon exposure to oxidative or osmotic stress, a series of events leads to the phosphorylation of Hog1p which translocates to the nucleus of the cell [18] . Upon localising to the nucleus, Hog1p controls the expression of numerous genes by regulating the activity of transcriptional activators and repressors [for review see 19] .
This study examined the interaction of caspofungin with C. albicans and in particular examined the response of fungal cells to this agent. It was postulated that the activation of osmotic and oxidative stress responses could have implications for the response of this yeast to this agent in vivo.
Materials and methods

Yeast isolates and culture conditions
Candida albicans MEN (a clinical isolate, received from Dr D. Kerridge, Cambridge, UK) was used in this study. Cultures were grown in YEPD (yeast extract-peptone-Dglucose) broth (2% (w/v) glucose (Sigma-Aldrich Chemical Co. Ltd, Dorset, UK), 2% (w/v) bacteriological peptone (Oxoid Ltd., Basingstoke, UK) and 1% (w/v) yeast extract (Scharlau, Barcelona, Spain) at 30°C and 200 rpm until the stationary phase (approx. 1 10 8 cells/ml) was achieved. Stocks were maintained on YEPD with the addition of 2% (w/v) agar (Scharlau), stored at 4°C and sub-cultured every 4-6 weeks.
Extraction of cytoplasmic and nuclear proteins
Stationary phase cells (1 10 8 ) were added to fresh YEPD medium (50 ml) and grown to late exponential phase (approximately 8 10 6 /ml). Caspofungin (Merck & Co. Inc., NJ, USA) (MIC 90 , 0.19 μg/ml) or hydrogen peroxide (Sigma-Aldrich) (0.5 mM) was added and the cultures were grown for a further 0.5, 1, 2 or 4 h. Cells (1 g wet weight) were resuspended in 4 ml pre-treatment buffer (50 mM tris-HCl (pH 7.5) (Sigma-Aldrich), 10 mM magnesium chloride (Sigma-Aldrich), 1 M sorbitol (Sigma-Aldrich), 60 mM 2-mercaptoethanol (Sigma-Aldrich), 3 mg/ml dithiothreitol (DTT) (Sigma-Aldrich) and incubated at 30°C and 100 rpm for 30 min. Cells were harvested (2056 g for 5 min) on a Beckmann GS-6 bench centrifuge and resuspended in 4 ml digestion buffer (50 mM tris-HCl (pH 7.5), 10 mM magnesium chloride, 1 M sorbitol, 1 μl/ml 2-mercaptoethanol and 400 Units zymolase (Seikagaku Corporation, Tokyo, Japan) and incubated at 30°C with gentle shaking until spheroplasts were formed (40 min approx.). The cells were washed gently in 1 M sorbitol and collected by centrifugation (425 g for 10 min). Pellets were resuspended in 4 ml Lysis Buffer A (18% (w/v) ficoll PM400 (Sigma-Aldrich), 0.5 mM magnesium chloride, 20 mM potassium phosphate (Sigma-Aldrich), 1 mg/ml pepstatin A (Sigma-Aldrich), 1 mg/ml aprotinin (SigmaAldrich), 1 mM PMSF (Sigma-Aldrich), 50 mM sodium pyrophosphate (Fluka, Biochemika, Germany), 50 mM sodium fluoride (Fluka), 50 mM -glycerol phosphate (Fluka) and 10 mM sodium orthovandate (Sigma-Aldrich), pH 6.45). The suspension was homogenised for 5 minutes on ice. An equal volume (4 ml) of Lysis Buffer B was added (2.4 M sorbitol, 0.5 mM magnesium chloride, 20 mM potassium phosphate, 1 mg/ml pepstatin A, 1 mg/ml aprotinin, 1 mM PMSF, 50 mM sodium pyrophosphate, 50 mM sodium flouride, 50 mM -glycerol phosphate and 10 mM sodium orthovandate, pH 6.45) and the mixture was homogenized for a further 5 minutes on ice. The lysate was spun at 2655 g for 10 min at 4°C (Eppendorf centrifuge 5417R). The pellets were discarded and the supernatants were transferred to a new tube and centrifuged at 17,950 g for 35 min at 4°C. The resulting supernatants (cytoplasmic proteins) were stored at −70°C. The pellets (nuclear proteins) were resuspended in a 50:50 mixture of Lysis Buffer A: Lysis Buffer B and stored at −70°C. Protein concentration was determined using the Bradford reagent (Bio-Rad, Munich, Germany), with BSA (Sigma-Aldrich) as standard. In order to verify the successful isolation of nuclear protein, Western blot analysis on this fraction was performed using an antibody against proliferating cell nuclear antigen (Sigma-Aldrich) (data not presented).
Electrophoresis and immunoblotting
For Western blotting, the protein was transferred to a nitrocellulose membrane using a semi-dry blotter (Bio-Rad) at 18 V for 20 min. Polyclonal anti-Cap1p (a kind gift from Prof. Scott Rowley, University of Iowa, USA) was used at a dilution of 1/500 in blocking solution (3% (w/v) dried skimmed milk powder (Marvel, Dublin, Ireland) and 1% (w/v) BSA in tris-buffered Saline-tween (TBST) (50 mM tris-HCl, 150 mM sodium chloride (SigmaAldrich), 0.5% (v/v) tween 20 (Sigma-Aldrich), pH 7.6) overnight at room temperature with gentle shaking. Horseradish peroxidase-conjugated donkey anti-rabbit immunoglobulin G (IgG) (1/500 in blocking solution, G.E. Healthcare Ltd., Buckinghamshire, England.) for 3 hours with gentle shaking was used to detect reactive bands with the enhanced chemiluminescence system (Pierce Biotechnology Inc., Rockford, IL, USA).
A monoclonal antibody against Phospho-p38 MAPK (Thr180/Tyr182) (mammalian orthologue of yeast HOG kinase) (Cell Signalling Technology Inc., MA, USA) was used at a concentration of 1/500 in blocking solution overnight with gentle shaking at room temperature. Horseradish peroxidase-conjugated anti-mouse immunoglobulin G (IgG) (1/500 in blocking solution, Cell Signalling Technology Inc.) for 2 h was used to detect reactive bands with the enhanced chemiluminescence system.
Confocal microscopy
Cells were exposed to caspofungin (0.19 μg/ml) for 4 h and harvested as described. The pellet was resuspended in PBS containing 3.7% (v/v) formaldehyde (Sigma-Aldrich) for 1.5 h at 30°C with gentle shaking. Fixed cells were washed and spotted onto glass slides and allowed to air dry overnight. The samples were permeabilized with 0.1% (v/v) triton X-100 (BDH, Poole, England) by placing 100 μl over the slides and leaving at room temperature for 5 min. Slides were washed by gently dipping into sterile PBS. Slides were placed in a humid chamber and anti-Cap1p primary antibody (1/125 in blocking solution, 200 μl) was placed onto the cells for 4 h. Slides were washed with PBS and tetramethyl rhodamine iso-thiocyanate (TRITCI) goat anti rabbit IgG (Jackson ImmunoResearch Europe Ltd., U.K.), (1/125 in blocking solution, 200 μl) secondary antibody was placed on the cells and left overnight at 4°C. Cover slips were applied and sealed and the slides were viewed using an Olympus Fluoview FV1000 confocal microscope.
RNA extraction and RT-PCR analysis
Candida albicans mRNA was extracted using a Qiagen RNAeasy (Sussex, England) kit from early exponential phase cells (2.5 10 6 ) exposed to hydrogen peroxide (0.5 mM) or caspofungin (0.19 μg/ml) for 0.5, 1, 2, or 4 hours and cDNA was generated using the Superscript III FirstStrand Synthesis System (Invitrogen, CA, USA.) with oligo (dT) primers. PCR amplification of glutathione reductase (GLR1), mitochondrial processing protease (MAS1) and manganese-superoxide dismutase (SOD2) genes was performed using previously described primers [15] and the following cycle conditions: 98°C for 2 min, (94°C for 1 min, 55°C for 1 min, 68°C for 1 min and 20 sec) 35 cycles and 68°C for 7 min. Sequences for catalase (CAT1) and alkyl hydroperoxide reductase (AHP1) were located on the Candida Genome Database at http://www. candidagenome.org/ and primers were designed using the primer 3 program at: http://frodo.wi.mit.edu/. The primer sequences were as follows: CAT1-F: GCCGAAGCTAAA-GAAGCTGA and CAT1-R: TTGCAAGACTGGATCAG-CAG, AHP1-F: AAAGACAAGGGCGTCAAAAA and AHP1-R: CTGCCAGAGTCAAATCAGCA. Cycle conditions were as follows: 95°C for 5 min, (95°C for 30 sec, 58.8°C for 40 sec, 68°C for 40 sec) 33 cycles and 68°C for 7 min. Visualization of amplified products was performed using a Syngene Geneflash and densitometric analysis was carried out using Genetools software.
Enzymatic activity assays
Candida albicans cells were exposed to caspofungin (0.19 μg/ml) for 1, 2 or 4 h or to hydrogen peroxide (0.5 mM) for 30 min. Cells (1 g wet weight) were harvested, washed in PBS and resuspended in 4 ml of lysing buffer (4 ml Tris-HCl (100 mM, pH 7.5); 4 ml EDTA (1mM, Sigma-Aldrich); 100 μl Pepstatin A (1 mg/ml, added fresh); 100 μl Aprotinin (1 mg/ml, added fresh); 100 μl PMSF (1 mM, added fresh) and 5 mM DTT (added fresh). To this, 4 g of acid washed glass beads (size: 425-600 μm, Sigma-Aldrich) were added. The mixture was vortexed for 5 min on ice. Cellular debris, broken cell walls and remaining glass beads were removed by centrifugation (250 g for 5 min at 4°C, Eppendorf centrifuge 5417R). The pellets were discarded and the supernanant was used.
For analysis of superoxide dismutase activity the SOD Assay Kit from Fluka (Biochemika) was used in accordance with manufacturer's instructions, using a concentration of 1 μg/μl of protein extract. The SOD activity was calculated by employing a tetrazolium salt, WST-1 that produces a water-soluble formazan dye upon reduction with a superoxide anion. The absorbance at 450 nm was read using a microplate reader (Synergy HT, Bio-Tek) and the following formula was employed to determine SOD activity:
For analysis of the glutathione reductase activity of cells the method described previously [20] was used. The assay used the extinction coefficient ( mM ) of 6.22 mM /cm for NADPH. Briefly, fresh protein extracts were prepared as above. The following were placed into a clean 1 ml quartz cuvette: 500 μl of 2 mM oxidized glutathione (SigmaAldrich), 400 μl of assay buffer (1 mM EDTA, 100 mM potassium phosphate (Sigma-Aldrich), pH 7.5), 50 μl protein extract (1 μg/μl) and 50 μl of 2 mM NADPH (Sigma-Aldrich)). A blank was prepared consisting of all cellular protein was extracted and fractionated into nuclear and cytoplasmic components. The nuclear protein fraction was resolved by 1-dimensional SDS-PAGE, blotted and probed with anti-Cap1p antibody to verify its presence in the nuclear fraction and its purity. The results demonstrate the above except 450 μl assay buffer was used and no sample protein was added. The absorbances were read at 340 nm for 2 min at 20 sec intervals (Cary varian UVVisible Spectrophotometer). The GLR activity was calculated using the following equation: Catalase activity was measured as described [21] with slight modifications. Briefly, fresh protein extracts were prepared as stated. Protein extract (100 μl, 7 mg/ml) was added to 1.8 ml of 17 mM H 2 O 2 in a sterile tube. The mixture was mixed well by pipetting and left at room temperature for 15 minutes. After this time, the suspension was centrifuged at 10,000 g (Eppendorf centrifuge 5417R) for 1 min to stop the reaction. The supernatant was removed and placed in a clean quartz cuvette. The absorbance at 240 nm was obtained on a Beckman DU640 spectrophotometer. A blank consisted of 17 mM H 2 O 2 .
Microdilution assay
Stationary phase cells of C. albicans (5 10 6 /ml) were harvested as before. Cells were either exposed to H 2 O 2 (0.5 mM) for 60 min or untreated, and resuspended in YEPD medium. The cell suspension (100 μl) was added to each well of a 96-well plate containing various concentrations of Caspofungin (1-0.003 μg/ml) in 100 μl of YEPD. The plate was incubated at 30°C for 24h. The optical density was read at 540 nm using a microplate reader. Growth was quantified as a percentage of control.
Statistical analysis
All experiments were performed on three independent occasions. Results presented are the mean standard error. A 1-tailed, 2-sample equal variance Student's t-test was performed and samples with a P value 0.05 were deemed significant.
Results
Caspofungin treatment induces translocation of Cap1
The AP-1-like transcription factor Cap1p in C. albicans is involved in the response to oxidative stress [22] and Cap1p function has been shown to be regulated by a nuclear localization mechanism [14] . Oxidant regulated translocation of this transcription factor is also required for tolerance to hydrogen peroxide and for diamide detoxification in C. albicans [14] . C. albicans cells were exposed to 0.19 μg/ml caspofungin for 1, 2 and 4 h at 30°C, after which time (Fig. 1) that exposure of C. albicans to caspofungin for a period of 2 h increased the amount of Cap1p in the nuclear fraction by approximately 3 fold relative to the control (P 0.05).
The translocation of Cap1p from the cytoplasm to the nucleus was also visualized using confocal microscopy. In this case, cells were exposed to caspofungin or hydrogen peroxide, fixed, permeabilsed and exposed to anti-Cap1p antibody (as described). The control cells show an even distribution of fluorescence, indicating the presence of the Cap1 protein throughout the cytoplasm ( Fig. 2A) . Following exposure to 0.5 mM hydrogen peroxide for 30 min, for 2 h (P 0.05), while in the case of SOD2, the maximum induction occurred at 1 h (P 0.05). The highest level of MAS1 induction was recorded at 2 h in cells exposed to caspofungin (P 0.05). Exposure of cells to hydrogen peroxide induced GLR1 (1.66 fold increase after 30 min, P 0.05) but not SOD2 and MAS1.
The data presented here demonstrate that upon exposure to caspofungin there is an increase in the amount of Cap1p in the nuclear fraction and a corresponding induction of a number of genes known to be associated with detoxifying the cell during periods of oxidative stress [14, 15] .
Determination of alterations in enzyme activities
The demonstration of the induction of a number of genes associated with oxidative stress following exposure to caspofungin lead to an investigation of the activities of superoxide dismutase and glutathione reductase which have well established cellular detoxifying properties. Glutathione reductase is required for the recycling of oxidized glutathione to its reduced form and the glutathione fluorescence is concentrated in discrete areas within the cell which are coincident with the nucleus indicating translocation of Cap1p (Fig. 2B) . A similar situation is evident in caspofungin treated cells which show strong fluorescence in discrete regions of the cell corresponding to the nucleus (Fig. 2C) .
These results indicate that hydrogen peroxide and caspofungin induce translocation of Cap1p to the nucleus and that this event can be verified by Western blot and confocal microscopy.
Induction of Cap1p associated genes
Translocation of the Cap1 protein to the nucleus induces a number of genes involved in the cell's response to oxidative stress [14, 15] . In this work RT-PCR analysis was performed on cells exposed to caspofungin and the induction of genes for glutathione reductase (GLR1), superoxide dismutase (SOD2) and mitochondrial processing protease (MAS1) was observed (Fig. 3) . In the case of GLR1, maximum induction was visible in cells exposed to caspofungin reductase activity of caspofungin treated cells was measured as described. At all time points tested, it was evident that caspofungin caused an increase in glutathione reductase activity (P 0.05) compared to the control (Fig. 4A) . It is noticeable that following exposure to caspofungin for 1 h there is a dramatic increase in activity but that this has declined by 120 and 240 min. Hydrogen peroxide was used as a positive control and this also increased glutathione reductase activity after 30 min (P 0.05).
Superoxide dismutase is an anti-oxidant enzyme and it catalyses the dismutation of superoxide radical anions into dioxygen and hydrogen peroxide. SOD activity was measured and it was found to be greater in caspofungin treated cells compared to the control (Fig. 4B) . Activity was highest at 1 and 4 hours upon exposure to caspofungin. Hydrogen peroxide was employed as a positive control and this greatly increased SOD activity after 30 min (P 0.05).
Caspofungin treatment induces translocation of Hog
The Hog MAP kinase pathway has been demonstrated to be activated in response to exposure of yeast to oxidative stress and C. albicans cells that are deficient in the Hog MAP kinase exhibit increased sensitivity to agents that generate oxidative stress [16] . C. albicans cells were exposed to 0.19 μg/ml caspofungin for 1, 2 and 4 h after which time whole cell protein was extracted and fractionated into nuclear and cytoplasmic components. The nuclear protein portion was resolved by 1-dimensional SDS-PAGE, blotted and probed with phospho-p38 MAPK (Thr180/ Tyr182) monoclonal antibody (Fig. 5) . The results indicate that upon exposure to caspofungin, levels of Hog1p within the nucleus are elevated approximately 2 fold at 1 and 
Analysis of expression of Hog1 associated genes
The translocation of Hog1p to the nucleus has been shown to induce a number of genes involved in the cell's ability to counteract oxidative and osmotic stress [19, 23, 24, 28] . Cells exposed to caspofungin were examined for the induction of catalase (CAT1) and alkyl hydroperoxide reductase (AHP1) which have been shown to be induced in a Hog dependent manner [23, 25, 26] . The results obtained using RT-PCR to examine gene induction (Fig. 6) demonstrate the induction of CAT1 following 1 h exposure to caspofungin by approximately 1.7 fold compared to the control. In contrast there is no statistically significant induction of AHP1 at any of the time points.
Catalase activity in caspofungin treated cells
Catalase exhibits important antioxidant properties by catalyzing the decomposition of hydrogen peroxide into water and oxygen. Assessment of the enzymatic activity of catalase in cells exposed to caspofungin indicated a dramatic increase in activity following exposure to this compound for 1 h (P 0.05) (Fig. 7) . Activity reached a peak at 2 h and then declined. Hydrogen peroxide treatment was employed a positive control, and it increased catalase activity following exposure for 30 min (P 0.05).
Prior exposure to hydrogen peroxide increases the tolerance of C. albicans to caspofungin
Hydrogen peroxide (0.5 mM, 60 min) treated cells were subsequently exposed to caspofungin (1-0.003 μg/ml), incubated for 24 h and the growth was measured spectrophotometrically at 540 nm. The results (Fig. 8) show an increase in growth of hydrogen peroxide treated cells compared to untreated cells, with a 3-fold increase in growth at 0.015 μg/ml caspofungin in H 2 0 2 treated cells compared to untreated cells (P 0.05). Previous results have demonstrated that exposure to hydrogen peroxide activates an oxidative response in C. albicans (Figs. 1 and 2 ). Short term exposure to hydrogen peroxide leads to increased growth in the presence of caspofungin possibly as a result of the activation of the oxidative stress response by hydrogen peroxide.
Discussion
The echinocandin drug caspofungin is well tolerated in humans and has become an established element of the antifungal armamentarium [12] . It has found applications in the treatment of infections by Candida and Aspergillus spp. and its safety profile makes it an attractive alternative to the use of amphotericin B in appropriate cases. The results presented here demonstrate that upon exposure to caspofungin, C. albicans activates two distinct pathways (Cap and Hog) which are designed to combat oxidative and osmotic stresses.
Exposure of C. albicans to caspofungin resulted in the nuclear localization of Cap1p which was visualized by Western blotting and also by confocal microscopy using TRITCI labeled IgG bound to Cap1p. The increase in nuclear Cap1p following exposure to caspofungin for 2 h was approximately 3 fold. This translocation event was evident in Fig. 2 where the concentration of the transcription factor in the nucleus is demonstrated.
Upon translocation to the nucleus, Cap1p activates a number of genes that form an important component of the cell's response to stress [15] . In this work, the induction of three genes was monitored (Fig. 3) and the results indicated induction of SOD2 at 1, 2 and 4 h and the induction of MAS1 at 2 and 4 h. The induction of GLR1 was only evident at 2 h. Together with this, an increase in the activity of superoxide dismutase and glutathione reductase was observed (Fig. 4 A and B) .
A number of genes are activated in response to Hog1 activation in order to assist in the protection of the cell [24, [26] [27] [28] . C. albicans cells that are deficient in the Hog1 MAP kinase exhibit increased sensitivity to agents that generate oxidative stress [16] . Nuclear localization of Hog1p was demonstrated following caspofungin treatment (Fig. 5 ) and the induction of CAT1 and AHP1 (Fig. 6 ) was analysed. The increased expression of CAT1 was evident at 1 h however the expression of AHP1 did not appear to alter during the course of the experiment. In parallel with the induction of the CAT1 gene, there was also a dramatic increase in the activity of catalase which peaked at 2 h following caspofungin exposure (Fig. 7) .
Reactive oxygen species (ROS) are a normal by-product of respiration; however sources of ROS may also be external. If levels of ROS become high and if not adequately eliminated from the cell, this can lead to oxidation of proteins and nucleic acids which in turn can inactivate enzymes leading to cell death. The activation of the enzymes controlled by the Cap and Hog pathways give vital protective abilities to the cell to withstand stress [14] [15] [16] 27] .
We sought to establish whether the activation of the Cap1 and Hog pathways could protect the cell against subsequent caspofungin exposure. Hydrogen peroxide is a well established activator of the Cap1 pathway [14, 15] and this compound was used to pre-treat cells at a low concentration for a short period of time. Following exposure to 0.5 mM hydrogen peroxide for 60 min cells were Fig. 8 Elevated growth of Candida albicans in caspofungin following prior exposure to hydrogen peroxide. Cells were exposed to 0.5 mM hydrogen peroxide for 60 min, harvested by centrifugation, washed and then resuspended in wells of 96-well microdilution plates containing a gradient of caspofungin concentrations (as described). Growth was measured at 540 nm ( * P 0.05, ** P 0.1).
Fig. 7
Exposure of Candida albicans to caspofungin leads to increased catalase activity. Cells were treated with H 2 O 2 or caspofungin for 1, 2 or 4 h and the catalase activity was determined as described ( * P 0.05).
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exposed to caspofungin and growth was quantified after 24 h. The results demonstrate that pre-treatment with hydrogen peroxide lead to an increase in growth in the presence of caspofungin (Fig. 8 ) and notably gave a 3-fold increase in tolerance to 0.01 μg/ml caspofungin compared to the untreated control. This increase in growth is presumably a result of the activation of the responses to combat the oxidative and osmotic stresses prior to exposure to caspofungin. These data may have clinical implications since oxidative stress is employed in the neutrophil-mediated killing of microbial cells [29] and this stress could 'prime' cells to subsequent caspofungin exposure thus necessitating a higher dose of the antifungal to achieve cell death.
Exposure of C. albicans to caspofungin has been shown to unmask -glucan which is highly immunogenic and induces a stronger immune response [30] . The data presented here demonstrate that exposure of C. albicans to caspofungin leads to the rapid activation of both the Cap1 and Hog pathways. The activation of these responses gives the cell the ability to protect itself from the osmotic and oxidative stress induced by this antifungal drug. It is postulated that caspofungin causes the cell to become sensitive to osmotic stress, due to a disruption in cell wall formation, leading to eventual cell death by lysis. Prior activation of an oxidative stress response facilitates increased growth in the presence of caspofungin indicating a possible role for oxidative stress altering the sensitivity of C. albicans to this agent in vivo.
